ABSTRACT: Preparation and characterization of a small library of symmetric trans-di(4-pyridyl)porphyrin dimers, obtained by either Glaser-Hay or Sonogashira coupling reactions from appropriately prepared trans-di-4-pyridylporphyrin precursors, is presented. The porphyrin dimers are differentiated by a phenyl-alkynyl bridge of increasing length at one meso position, while for all the derivatives the two remaining opposite meso positions are tailored with a phenyl moiety bearing a short polyether chain. Coordination of the four pyridyl groups towards appropriate metal fragments may be exploited to construct tubular hollow structures, with varied internal sizes, depending on the choice of the porphyrin dimer component.
INTRODUCTION
Pyridylporphyrins are essential elements in the modern molecular tool-box of the supramolecular chemist. They combine the peculiar structural, optical and redox properties of porphyrins with the ability to act as rigid, flat multitopic donors in the formation of metal-organic complexes [1] . Within the field of the metal-mediated directional bonding approach [2] , these features along with the properties of several transition metal ions (e.g. Pd(II), Pt(II), Ru(II), Rh(II), Re(I)) has led to a variety of coordination adducts. These species can have many different topologies (such as rhomboids, squares, rectangles, triangles) and interesting potential applications in the fields of optoelectronic, catalysis, molecular recognition, etc [3] .
In this context, we have recently started to investigate the interaction of pyridylporphyrin based metallacycles with phospholipid membranes and, in particular, their ability to modify the membrane permeability forming large selfassembled channels [4] . Following the approach developed in the group of J. T. Hupp [5] , we prepared 4+4 Re(I)-porphyrin metallacycles starting from Re(CO) 5 Br and trans-A 2 B 2 di-4-pyridylporphyrins bearing, in the two meso positions, different types of aromatic substituents [6] .When peripheral carboxylic acid functionalized porphyrins were used, the resulting metallacycle showed a very interesting ionophoric activity that was attributed to its ability to assemble dimeric structures long enough to span the entire phospholipid bilayer, thus forming a trans-membrane nanopore [7] . These results encouraged us to further develop our porphyrin ligands, and the new molecules were designed to be able to form unimolecular tubular structures long enough to span a double-layer of a phospholipid membrane. Our target was to synthesize dimeric trans-di-4-pyridylporphyrins (Figure 1 ), which would ideally bind to 90° metal fragments in a 1:2 ratio thus forming 4+8 parallelepiped-shaped hollow structures with two hydrophilic ends (see also Figure 7 ). While dimeric porphyrins molecules are well known [8] , examples of dimeric trans-di- 4- pyridylporphyrins are very few as well as are the studies on their metal-mediated self-assembling behavior [9] . In this paper we report the synthesis of dimers 1a-1c, their characterization and some preliminary experiments on their coordination abilities towards Re(I) and Pd(II) 90° metal fragments.
RESULTS AND DISCUSSION

Synthesis of the trans-di-4-pyridylporphyrin dimers
The structures of the target trans-di-4-pyridylporphyrin dimers are shown in Figure 1 . They are symmetric dimers in which two trans-di-4-pyridylporphyrins are connected at the meso position with a phenyl-alkynyl bridge of increasing length. This kind of linking bridge has been chosen in order to ensure rigidity and linearity to the whole molecule, thus avoiding bent conformations. It also granted rather simple synthetic pathways through standard Glaser-Hay or Sonogashira coupling reactions. Moreover, for a better solubility in polar solvents and membrane compatibility, the dimers have been functionalized on the two opposite meso positions with phenyl rings bearing a short polyether chain.
In the linear conformation, the overall length of dimers 1a-c, estimated from molecular modelling and excluding the polyether chains, is about 36, 38, and 43 Å, respectively, sufficient in each case to span a phospholipid bilayer, which is about 40 Å thick. 
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Porphyrins 2a and 3a are A 2 BC trans meso-substituted derivatives, which can be conveniently obtained by a modification of the Lindsey's approach [10] , in which the 5-(4-pyridyl)dipyrromethane is reacted with half an equivalent of two different aldehydes (Scheme 1). This is a statistical approach, leading to the A 2 at 0 °C and under Ar atmosphere using TFA as the acidic catalyst. After oxidation with DDQ in air, the crude product was neutralized and treated with tetrabutylammonium fluoride (TBAF) to remove the silyl protecting groups. Repeated purification steps by silica chromatography and crystallization from CHCl 3 /MeOH afforded the three porphyrins in 12 % (2a), 7% (2b) and 3% (2c) yield. Starting from 4-iodobenzaldehyde, and following a similar scheme of reactions, porphyrins 3a,b and 2c were obtained in 17%, 8%, and 5% yield, respectively. All the porphyrins were fully characterized by 1 H-and 
Characterization of the trans-di-4-pyridylporphyrin dimers
All the porphyrin dimers were fully characterized by ESI-MS, 1 H-and To better characterize the dimers, their diffusion coefficients were determined using 1 H-DOSY NMR experiments. Figure 4 shows the 1 H-DOSY spectra for dimer 1a and, for comparison, porphyrin 2c. Similar 2D-maps were also obtained for dimers 1b and 1c and are reported in the Supplemental Material.
Inspection of the 2D-map of Figure 4 shows that all the signals of the two molecules, except the solvent and water residues, are aligned along one single value of diffusion coefficient indicating the presence in solution of a single species with a well-defined dimension. Moreover, the porphyrin monomer has a higher diffusion coefficient than the dimer, in agreement with the latter species having a bigger size. The diffusion coefficients for all these species together with their hydrodynamic diameters obtained from the Stokes-Einstein equation, while not being meaningful in terms of absolute values, are consistent with the expected increased dimension going from monomer 2a to dimers 1 (see Table 1 in the Supplemental Material).
Finally, the absorption and emission spectroscopic features of the three dimers were investigated. 
Preliminary studies for the preparation of 4+8 trans-di-4-pyridylporphyrin metallacyclic assemblies
Preliminary investigations towards the preparation of 4+8 trans-di-4-pyridylporphyrin metallacyclic assemblies with a parallelepiped shape were performed using dimer 1b in combination with two different 90° metal fragments. Despite the rotational freedom of the two macrocycles around the phenyl-alkynyl linker, we envisaged the possibility of a thermodynamic self-sorting process, leading to the successful obtainment of metallacyclic assemblies as unique products ( Figure 7 ).
We first investigated the use of the [Pd(dppp)(OTf) 2 ] metal complex (dppp = 1,3-bis(diphenylphosphino)propane, OTf = trifluorosulphonate), which is known to readily form soluble 4+4 metallacycles with trans-di-4-
. The solubility in both polar and apolar organic solvents is normally ascribed both to the positive charge of the metal complex, due to the loss of the two triflate anions upon coordination of two pyridyl groups, and to the out-of-plane phenyl substituents of the dppp ancillary ligand disfavoring possible aggregation of the resulting assemblies. Also, the two phosphorus atoms of the ancillary dppp ligand are a useful tag for 31 P-NMR investigations.
However, simply mixing dimer 1b with two equivalents of [Pd(dppp)(OTf) 2 ] in CDCl 3 directly in the NMR tube afforded very complex 1 H-and 31 P-NMR spectra suggesting the presence of several species, possibly in dynamic equilibrium. Heating and/or increasing of the building blocks concentrations, did not change or simplify the overall pattern of the NMR spectra.
A second preliminary attempt to prepare metallacyclic parallelepiped assemblies was made using [Re(CO) 5 [5, 12] . The strong labilizing effect of CO serves to activate two (and only two) cis-carbonyls for substitution, presumably first by solvent molecules (e.g. tetrahydrofuran) and then by pyridyl ligands. The reaction is slow and can take up to 2 days for completion under refluxing conditions. We therefore reacted 1b and [Re(CO) 5 Br] in a mixture of THF and toluene under reflux, until the porphyrin starting material was fully consumed. Work-up of the reaction afforded a solid which was scarcely soluble in a variety of solvents. The 1 H-NMR spectra of this solid in pyridine-d 5 were difficult to interpret, although a DOSY experiment suggested the presence of a single species in solution ( Figure   S20 of the Supplemental Material) [13] . Once again, variation of the temperature did not lead to any simplification of the NMR spectrum, which would be expected if a highly symmetrical assembly had formed. 
Porphyrins 2a-2c
The reaction was conducted under Ar atmosphere and in the dark. was added. After stirring for 2.5 hours at room temperature, the reaction mixture was washed twice with water and the organic phase was dried over Na 2 SO 4 and filtered. The solvent was removed under vacuum and the mixture was purified by CC on silica gel (CHCl 3 /EtOH from 100/0 to 97/3 v/v). The fractions containing the three porphyrins were further purified by another CC on silica gel (CHCl 3 /EtOH from 100/0 to 98/2). Each product was then obtained as a violet solid by precipitation from CHCl 3 /MeOH. Yield: 2a 12%, 2b 7%, 2c 3%. Total porphyrins yield 22.0%. -(4-pyridyl)-10,20-bis-(4-ethynylphenyl) 
5,15-Bis-(4-pyridyl)-10-(4-ethynylphenyl)-20-(4-[2-[2-(2-methoxyethoxy)ethoxy]ethoxy]phenyl)porphyrin (2a):
R f = 0
5,15-Bis
Porphyrins 3a-3b
The reaction was conducted under Ar atmosphere and in the dark. Bis-(4-pyridyl)-10,20-bis-(4-iodophenyl) porphyrin (3b) [17] : R f = 0.67 (SiO 2 , CHCl 3 /MeOH 97/3 v/v). 
Synthesis of porphyrin dimers 1a-c
Dimer 1a
Anhydrous THF, anhydrous DMF and TEA were degassed for 1 hour with Ar. 
Dimer 1b
CuCl ( 
Supplemental Material
CONCLUSION
In conclusion, a small library comprising three different porphyrin dimers was successfully prepared via either Glaser-Hay or Sonogashira coupling. The various systems, together with their monomer precursors, were fully characterized by NMR techniques and their UV-vis and fluorescent properties were assessed as well. Although not very successful, the preliminary experiments for the formation of metallacyclic assemblies with a parallelepiped shape gave us good insights on the complexity of this ambitious project. From this stand point, different metal complexes will be tried as alternatives 90° metal fragments in order to overcome the major issues encountered in this report. 
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